Context. Traditionally, the chromospheres of late-type stars are studied through their strongest emission lines, Hα and Ca II HK emission. Our knowledge on the whole emission line spectrum is more elusive as a result of the limited spectral range and sensitivity of most available spectrographs. Aims. We intend to reduce this gap with a comprehensive spectroscopic study of the chromospheric emission line spectrum of a sample of non-accreting pre-main sequence stars (Class III sources). Methods. We analyzed X-Shooter/VLT spectra of 24 Class III sources from three nearby star-forming regions (σ Orionis, Lupus III, and TW Hya). We determined the effective temperature, surface gravity, rotational velocity, and radial velocity by comparing the observed spectra with synthetic BT-Settl model spectra. We investigated in detail the emission lines emerging from the stellar chromospheres and combined these data with archival X-ray data to allow for a comparison between chromospheric and coronal emissions. Results. For some objects in the sample the atmospheric and kinematic parameters are presented here for the first time. The effective temperatures are consistent with those derived for the same stars from an empirical calibration with spectral types. Small differences in the surface gravity found between the stars can be attributed to differences in the average age of the three star-forming regions. The strength of lithium absorption and radial velocities confirm the young age of all but one object in the sample (Sz 94). Both X-ray and Hα luminosity as measured in terms of the bolometric luminosity are independent of the effective temperature for early-M stars but decline toward the end of the spectral M sequence. For the saturated early-M stars the average emission level is almost one dex higher for X-rays than for Hα: log (Lx/L bol ) = −2.85 ± 0.36 vs. log (LHα/L bol ) = −3.72 ± 0.21. When all chromospheric emission lines (including the Balmer series up to H11, Ca II HK, the Ca II infrared triplet, and several He I lines) are summed up the coronal flux still dominates that of the chromosphere, typically by a factor 2 − 5. Flux-flux relations between activity diagnostics that probe different atmospheric layers (from the lower chromosphere to the corona) separate our sample of active pre-main sequence stars from the bulk of field M dwarfs studied in the literature. Flux ratios between individual optical emission lines show a smooth dependence on the effective temperature. The Balmer decrements can roughly be reproduced by an NLTE radiative transfer model devised for another young star of similar age. Future, more complete chromospheric model grids can be tested against this data set.
Introduction
The optical spectra of late-type stars are characterized by numerous emission lines. These lines are signatures of chromospheric activity that traces the reaction of the stellar atmosphere to the magnetic processes related to the stellar dynamo. For FGK stars the dynamo may be analogous to the one on the Sun, that is rooted in the interface between radiative core and convective envelope (Parker 1993) , but the nature of the dynamo in fully convective M stars is still elusive. In these stars the solar-
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⋆ Based on observations collected at the Very Large Telescope of the European Southern Observatory under programs 084.C-0269, 085.C-0238, 086.C-0173, 087.C-0244, and 089. C-0143. like αΩ dynamo may be replaced by turbulent magnetic fields (Durney et al. 1993) or by an α 2 dynamo (Chabrier & Küker 2006) . The same arguments hold for M stars on the pre-main sequence (PMS), which also have fully convective interiors and are not expected to drive a solar-like interface dynamo. Nevertheless, observations indicate that PMS stars manifest particularly strong signatures of chromospheric and coronal activity (e.g. Kuhi 1983; Walter 1986 ). In fact, searching for coronal X-ray emission is a prime method for discovering PMS stars and, more recently, the UV emission from the chromosphere and transition region has been established as an analogous diagnostic for increasing the census of young stars (e.g. Findeisen & Hillenbrand 2010; Shkolnik et al. 2011) . Studies of the physics of magnetic activity lag behind not least because all manifestations of magnetic activity (X-rays, UV radiation, optical emission lines) -to a lesser or larger extent -present the problem that in PMS stars other processes such as accretion and outflows may be dominating the contribution from magnetic activity. PMS stars in the accreting stage (Class II sources or classical T Tauri stars) have obtained more attention in the literature than non-accreting ones (Class III or weak-line T Tauri stars). A very small number of studies has been dedicated to chromospheric properties of Class III stars (e.g. , and most of them either focused on a multi-wavelength study for an individual star (e.g. Welty & Ramsey 1995; Fernández et al. 2004) or treated a sample of stars, but for a single activity indicator, the Hα line .
Hα is, indeed, the most widely studied emission feature in the optical spectra of M stars. In contrast to FGK stars where the chromospheric contribution of Hα is superposed onto a photospheric absorption profile, Hα has no absorption component according to synthetic model spectra in M dwarfs. This makes it easier to quantify the chromospheric activity. Moreover, limited wavelength coverage of the spectroscopic observations often makes Hα the only available diagnostic for magnetic activity. For these reasons, Hα is the traditional proxy for characterizing the level of magnetic activity on M stars. However, studies of activity in other wavelength bands, such as Ca II H&K emission, UV and X-ray flux, have shown substantial emission in these activity signatures even in M dwarfs without Hα emission (e.g. Walkowicz et al. 2008; Houdebine 2011) . A comprehensive assessment of the chromospheric radiation budget, therefore, requires a study of multiple activity diagnostics.
An ideal instrument for this purpose is the X-Shooter spectrograph of the Very Large Telescope at the European Southern Observatory. With its wavelength coverage from 3500 − 25000 Å, it includes the whole Balmer series, the calcium H&K and infrared triplet (IRT) lines, several helium lines and the lown lines of the Paschen and Brackett series. The various diagnostics for magnetic activity trace different layers of the outer atmospheres. The Ca II H&K and IRT line cores originate in the low/middle chromosphere, while the Hα line carries information about upper layers, on average, although it forms in a wide atmospheric thickness (see e.g. Vernazza et al. 1981; Rutten 2007) . The He I lines are diagnostics of the upper chromosphere and lower transition region, since the corresponding transitions require temperatures ≥ 10000 K to be excited. The investigation of atmospheric structure can be expanded into the corona by means of X-ray observations (e.g. Vaiana & Sciortino 1987) .
Here we present X-Shooter spectra of 24 Class III PMS stars and X-ray data from ROSAT and XMM-Newton catalogs for the same stars. The Class III status of this sample was established on the basis of their spectral energy distribution and implies that they are diskless and non-accreting such that the only process responsible for their line emission is magnetic activity. The main purpose of this work is to examine the relations between the emissions in the different lines to constrain the role of activity in the different atmospheric layers. Moreover, we aim at constraining the dependence of the activity level on fundamental properties such as effective temperature (T eff ), bolometric luminosity (L bol ), rotation, and age, parameters that determine the nature of stellar dynamos. The radiation produced through magnetic processes is known to be linked to the stellar bolometric luminosity and is often normalized to it by defining the 'activity index', L proxy /L bol , where L proxy is the luminosity of an emission line or a wavelength band (e.g. in the case of X-ray emission). Our sample spans the whole spectral M sequence and gives natural access to examining the role of T eff from 2500 to 4500 K. Bolometric luminosity, effective temperature, rotation rate (v sin i), surface gravity, and lithium absorption are all determined using the same X-Shooter spectra as those in which we measured the activity diagnostics, which yields a self-consistent picture of photospheric and chromospheric properties of Class III sources to which we add the coronal perspective using archived X-ray data. Finally, we compare the results to chromospheric and coronal studies of main-sequence M dwarfs from the literature to search for keys on the time evolution of magnetic activity.
In Sect. 2 we give more details on the sample and the data used. The determination of fundamental parameters, rotation, kinematics, and lithium absorption and the analysis of the emission lines are described in Sect. 3. The results on magnetic activity are presented in Sect. 4, and a summary and our conclusions are found in Sect. 5.
Sample and observations
The sample considered in this paper comprises 24 Class III objects, 13 from the TW Hya association (henceforth TWA), 6 from the Lupus III, and 5 from the σ Orionis star-forming regions (SFRs). All stars were observed with X-Shooter within the INAF consortium's Guaranteed Time Observations (GTO) (see Alcalá et al. 2011 , for a presentation of the project). The target list is given in Table 1 . The coordinates and other designations for the objects are found in Table 1 of Manara et al. (2013) (henceforth MTR 13) , where the same sample and the data reduction are described in detail. We provide here only a short summary.
The classification as Class III sources was derived using published Spitzer photometry and spectroscopic features. In particular, we made use of the slopes of the spectral energy distribution (SEDs) determined by Merín et al. (2008) for Lupus and by Hernández et al. (2007) for σ Ori members. Because the midand far-IR SEDs are not available or incomplete for most stars in the TWA, we have used for these stars the Hα equivalent width criterion defined by White & Basri (2003) and the absence of forbidden emission lines in our X-Shooter spectra. The Hα and the forbidden lines were also used to confirm the Class III status of the objects in Lupus and σ Ori.
X-Shooter spectra
The X-Shooter observations were carried out between May 2010 and April 2012. Individual exposure times and slit widths were chosen depending on the brightness of the star (see Table 2 of MTR 13). Briefly, the exposure times ranged from 100 sec to 3600 sec, and the slit widths yielded spectral resolutions ranging from R ∼ 3300...9100 in the UVB, R ∼ 5400...17400 in the VIS, and R ∼ 3500...11300 in the NIR. The data reduction was performed with the X-Shooter pipeline (Modigliani et al. 2010) . Finally, the flux-calibrated spectrum was scaled by an individual factor for each star to adapt it to the published broad-band photometry. In this way, eventual slit losses and non-photometric conditions were compensated for.
MTR 13 have defined a spectral sequence for this sample of Class III objects by ordering the stars according to the depth of molecular features. Some widely used spectral indices were shown to be consistent with this scale. In Table 1 we report some parameters derived and/or compiled by MTR 13 that are useful for our analysis: the spectral types (SpT), the bolometric luminosities (L bol ), and the distances (d). We also give the values for the photometric rotation periods from the literature (P rot ). B. Stelzer et al.: Photospheric and chromospheric properties of Class III objects Name SpT Lawson & Crause (2005) for TWA members and from Cody & Hillenbrand (2010) for σ Ori members.
An essential part throughout this study is the analysis of spectral lines, and we anticipate here the treatment of the uncertainties of the line fluxes. We considered them to be composed of two components, the statistical measurement error and a systematic error associated with the flux calibration. As mentioned above, MTR 13 have normalized the spectra to published photometry such that the error in the flux eventually traces the uncertainties of the photometric measurements and especially the variations due to magnetic activity which we assumed to be 10 %. (We note that the multi-band photometry of our objects is not contemporaneous.) The two uncertainties (statistical and systematic) are summed quadratically.
Ancillary X-ray data
We have collected X-ray data from the literature and from public data archives. The flux measured at Earth is given for all stars in Table 2 and was obtained in the following way.
In a first step, we cross-correlated the target list with the Bright Source Catalog (BSC; Voges et al. 1999) and with the Faint Source Catalog (FSC; Voges et al. 2000) of the ROSAT All-Sky Survey (RASS). We used a match radius of 40 ′′ (e.g. Neuhäuser et al. 1995) . We found that 11 stars are identified with a BSC X-ray source and one is detected in the FSC. To obtain X-ray fluxes for the other half of our sample we searched the literature. For the stars in σ Ori and Lupus we made use of the XMM-Newton measurements published by Franciosini et al. (2006) and Gondoin (2006) , respectively. Four of the six Class III objects in Lupus and two of the five in σ Ori are listed as X-ray sources in these works. The TWA covers a large area on the sky and no dedicated XMM-Newton or Chandra observations have been performed to study its stellar population. We note that 11 of the 12 RASS identifications are objects from the TWA. The two brown dwarfs (BDs), TWA 26 and TWA 29, are not detected in the RASS but their X-ray emission has been studied by Castro et al. (2011) and Stelzer et al. (2007) on the basis of a dedicated Chandra and a serendipitous XMM-Newton observation, respectively. TWA 29 was not detected and an upper limit was given by Stelzer et al. (2007) . For the remaining four targets without X-ray detection we assumed an upper limit to the RASS count rate of 0.02 cts/s, corresponding to the sensitivity limit for a typical RASS exposure time of ≈ 400 − 500 sec (see Stelzer et al. 2013) . The matches and table handling was carried out in the Virtual Observatory environment TOPCAT (Taylor 2005) and in IDL 1 . We transformed the RASS count rates and upper limits into 0.12 − 2.5 keV flux assuming a thermal model with plasma temperature of kT = 1 keV and an absorbing column density of N H = 10 20 cm −2 . Then, X-ray luminosities were calculated using the individual distances from Table 1. For the stars with X-ray data in the literature the published X-ray luminosities can be used. However, to make them comparable with those from the RASS, two corrections had to be applied. The first one is a transformation from the XMM-Newton and Chandra energy bands for Table 2 . Coronal and chromospheric fluxes. X-ray fluxes (fX) and upper/lower bounds with references from the literature (see Sect. 2.2). Optical chromospheric flux (fopt) from the sum of the emission lines in the X-Shooter spectra. FUV and NUV fluxes from the literature (see Sect. 4.2 which the luminosities had been calculated to the energy band of ROSAT. The correction factors for the literature sources are between 0.99 and 1.38. The published X-ray luminosities were multiplied by these factors. Moreover, they were corrected for the differences in the distances adopted in the literature and by us.
We added a 10 % systematic error to the statistical errors of all X-ray measurements. The lower and upper values for the Xray flux corresponding to the uncertainties are given in brackets in Table 2 .
Analysis

Stellar parameters and rotation determined with ROTFIT
We used the ROTFIT code (Frasca et al. 2006) for evaluating the atmospheric parameters, effective temperature (T eff ) and surface gravity (log g), and for determining the projected rotation velocity (v sin i). For this purpose, we adopted as templates a grid of synthetic BT-Settl spectra (Allard et al. 2010 ) with solar metallicity, effective temperature in the range 2300-4400 K (in steps of 100 K) and log g from 5.5 to 3.0 (in steps of 0.5). The synthetic spectra were degraded in resolution to match that of the target spectra, which depends on the adopted slit width, and they were resampled on their spectral points. For each target spectrum, ROTFIT sorts the synthetic templates according to the χ 2 of the residuals "observed -template", where the synthetic templates are progressively broadened by convolution with a rotational profile of increasing v sin i until a minimum χ 2 is reached. The stellar parameters adopted by us are averages of the values of the five best templates (for each of the analyzed spectral regions described in detail below) weighted according to the χ 2 . The standard error of the weighted mean was adopted as the measurement error. By using the five best-fitting models instead of the one best fit we achieve a higher accuracy because of the coarse sampling of the stellar parameters in the grid of templates. The weighted average with a larger number of model spectra (e.g. ten) does not change significantly since the χ 2 increases quite rapidly after the first five models, lowering their weight.
The analysis is based on the assumption of negligible extinction in our targets. In fact, the three star-forming regions observed during our X-Shooter survey were chosen, amongst others, because their low extinction yields a high signal in the UVB range where very low-mass YSOs are intrinsically faint. Individual values for the optical extinction, A V , of Lupus members can be found in Hughes et al. (1994) and Comerón et al. (2003) . For all but one object of our Lupus sample A V = 0 mag. For the low reddening of the σ Ori cluster see for instance the references in Walter et al. (2008) . Finally, the TWA is a nearby young association with negligible extinction because it is located far from molecular clouds.
The derived values for T eff , log g and v sin i are given in Table 1 . We also list the stellar radii (R * ) computed from the effective temperatures and the bolometric luminosities with the Stefan-Boltzmann law.
Spectral regions for ROTFIT analysis
The best spectral regions for performing an accurate determination of v sin i with ROTFIT are those free of very broad lines and strong molecular bands, but including several absorption 
Fig. 2.
Portion of the X-Shooter NIR spectrum of TWA 26 around 12000 Å (solid black line) and the best fitting synthetic spectrum (dotted red line).
lines strong enough to still be prominent features against a welldefined continuum in fast rotators as well. We found a very wellsuited region between 9600 and 9800 Å where several sharp absorption lines (mainly of Ti I and Cr I) are present (c.f. Fig 1) for stars hotter than 2900 K. Moreover, the intensity of these lines scales with T eff as apparent from the BT-Settl models, thus they can be also used as temperature diagnostics. We derived the v sin i as the weighted mean described above using only this spectral region and kept it fixed inside ROTFIT to determinate the atmospheric parameters based on other spectral diagnostics.
The spectral region around 9700 Å of the two coolest objects in our sample, TWA 26 and TWA 29, is much more affected by molecular bands and noise than that of the hotter stars, and the Ti I absorption lines become quite faint (see Fig. 1 ). Thus we used another spectral region as temperature diagnostics, the wavelength range 11300 − 12600 Å in the NIR spectra, where several absorption lines are visible (c.f. Fig. 2 ). Unfortunately, the resolution and sampling of the NIR spectra is lower than that of the VIS spectra, which makes the v sin i determinations less accurate.
To determinate the surface gravity we selected three additional spectral regions that contain the Na I doublet at λ ≈ 8190 Å, the K I doublet at λ ≈ 7660 − 7700 Å, and a spectral segment from 7020 to 7150 Å that contains three TiO molecu- Observed (solid black lines) and fitted synthetic spectrum (dotted red lines) of TWA 2A in the three spectral regions chosen to determine the atmospheric parameters with ROTFIT. The most prominent absorption features are labeled. lar bands sensitive to both gravity and temperature. In Fig. 3 we display an example of the result of the fit performed by ROTFIT in these three regions. As for the v sin i region, the observed and template spectra were scaled one over the other by means of continuum (or pseudo-continuum) windows close to the analysed spectral diagnostics. The adopted value of log g is the weighted average again made with the five best templates for each of these three regions. For T eff we also included in the average the results of the analysis of the spectral segment around 9700 Å, which contains several lines whose intensity depends on the temperature, but we excluded the Na I doublet, which has a very strong dependency on log g that can mask the lower sensibility to T eff .
Results and comparison with the literature
The left panel of Fig. 4 demonstrates that the effective temperatures agree excellently with those of MTR 13. They obtained the temperatures from the spectral types using the conversion presented by Luhman et al. (2003) , and this empirical temperature scale is here confirmed throughout the whole M spectral sequence. The derived surface gravities range from log g ≈ 3.6 to ≈ 4.9 for our targets. With the exception of the two coolest objects, the two BDs TWA 26 and TWA 29, all stars in the TWA have systematically higher gravities than those in Lupus and σ Ori, which is qualitatively consistent with the canonical age difference between the three SFRs (right panel of Fig. 4 ). The 1, 10, and 100 Myr isochrones of the PMS evolutionary models from Baraffe et al. (1998) and Chabrier et al. (2000) are overplotted on the log g vs T eff diagram. 'NEXTGEN' and 'DUSTY' models are joined here at 3000 K. The gravities that we derived for the M stars in the TWA are systematically higher than predicted by the models for an age of ∼ 10 − 15 Myr, although the effect is only marginal considering the uncertainties. For the two BDs we confirm the similar result of Mohanty et al. (2004) , who found lower gravities than predicted by the Baraffe et al. Luhman et al. (2003) and those derived here with ROTFIT. Right panel -Surface gravity vs. effective temperature both derived with ROTFIT and compared with the predictions of evolutionary PMS models by Baraffe et al. (1998) and Chabrier et al. (2000) , for which we show as black lines the 1, 10, and 100 Myr isochrones (from top to bottom). Different colors and plotting symbols denote stars from the three SFRs: green triangles -σ Ori, orange squares -Lupus, red circles -TWA. Sz 121 and Sz 122 are excluded from the right panel because their broad lines did not allow us to determine the gravity.
(1998) and Chabrier et al. (2000) models for a sample of BDs in the ≈ 11 Myr old Upper Sco region (see Pecaut et al. 2012 , for a comprehensive discussion of the age of Upper Sco). As a consequence of the low gravity, the BDs appear younger in the HR diagram than the M stars located in the same star-forming environment (see Fig. 6 of MTR 13). In Fig. 4 (right) we have excluded Sz 122 and Sz 121 because their line profiles are dominated by fast rotation and/or binarity and we could not determine reliable values for their gravities. One of the remaining stars in Lupus, Sz 94, has higher gravity than the other objects in the same SFR. This star is later discarded from our sample due to the lack of lithium absorption (see Sect. 3.4) .
Sz 122 and Sz 121 are the only two stars from Lupus in our sample with previous v sin i measurements. Similar to our results, Dubath et al. (1996) have found very high rotation rates for them. These stars are likely spectroscopic binaries, therefore their v sin i values are uncertain (see also Sect. 3.3). Rotation velocities have previously been presented for 10 of the stars in the TWA, and the v sin i values from the literature agree well with our ROTFIT measurements. No v sin i are published for our targets in σ Ori.
Photometric measurements of rotation periods (P rot ) are available for half of our sample (Lawson & Crause 2005; Cody & Hillenbrand 2010) and are listed in Table 1 . We have combined these P rot values with our results on v sin i to compute the lower limit to the stellar radii, R sin i. The values are compatible with the radii R * ,SB determined from L bol and T eff within the errors, which consider the uncertainties of v sin i and the 0.2 dex uncertainty in the bolometric luminosities (see MTR 13).
To summarize, the comparison with previous measurements and with predictions of evolutionary models confirms that we have derived reliable estimates of the atmospheric parameters. This was achieved through a careful selection of the spectral regions in which we carried out the comparison with the model spectra as described in Sect. 3.1.1.
Stellar radius from the Barnes-Evans relation
We used published photometry of our targets to determine the stellar radii from the empirical relation between angular diameter and surface brightness derived by Barnes & Evans (1976) for giants that was extended to dwarf stars by Beuermann et al. (1999) . Specifically, we applied Eq. 6 of Beuermann et al. (1999) to the observed V − K colors after transforming the 2 MASS K s magnitudes to the CIT system with the transformations given by Carpenter (2001) . In Fig. 5 , the resulting radii are compared with those obtained from the Stefan-Boltzmann law. Four of the five objects that are missing in this figure have no measurement of the V magnitude. The fifth one is TWA 14, for which we found a 50 % difference between the radii computed with the two methods. This can be attributed to a problem with the photometry that was previously pointed out by Zuckerman & Song (2004) . For all other stars the two values agree within 20 %, a remarkable fact given that the calibration of Beuermann et al. (1999) was based on only eight stars and that their sample was comprised of young-disk M dwarfs, while ours is composed of PMS stars with somewhat lower gravity. In Fig. 5 the effect of variable photometry is shown as a vertical bar for stars with more than one measurement in the V band; it shows that the spread produced by variability is likely not relevant. Finally, some uncertainty may result from extinction. Because our stars are relatively nearby (∼ 50 − 350 pc) and have no major circumstellar material we did not apply a reddening correction to the photometry. The comparison of the X-Shooter spectra to spectral templates (see MTR 13) shows no evidence for reddening within a precision of ∼ 0.5 mag. Indeed, A V ∼ 0.3 mag is sufficient to remove the apparently systematic trend of the stars in Lupus to be located below the 1 : 1 relation in Fig. 5. 
Radial velocity
We determined the radial velocity (RV ) of all stars in our sample using the cross-correlation technique. We calculated the crosscorrelation function (CCF) between the observed and synthetic spectra within ROTFIT to evaluate the velocity shift to be applied to the latter. The CCF peak was fitted with a Gaussian to determine more accurately its center. The standard error of the weighted mean was adopted as the measurement error for the atmospheric parameters. Despite the poor statistics, it is worth noticing that the RV errors tend to be larger for stars with higher v sin i, as expected. The barycentric correction was performed with the IDL procedure BARYVEL. The results of the RV determination are given in Table 1 .
The radial velocity had previously been measured for all but one of the TWA members in our sample. For most stars our results agree well with the values published in the literature that have been summarized by Schneider et al. (2012) . Only for two stars (TWA 7 and TWA 9A) the previous and our new estimates are different by more than 2 σ. The RV of TWA 29 has been measured for the first time here and its value of 7.7 ± 3.9 km/s is consistent with it being a member of the association. Wichmann et al. (1999) have studied the radial velocities in the Lupus star-forming region. They distinguished between accreting and non-accreting YSOs in the usual way on the basis of the Hα equivalent width and evaluated the RV of these two samples, classical T Tauri stars (CTTS) and weak-line T Tauri stars (WTTS), separately. They showed that the radial velocities of the WTTS are similar to those of the CTTS for the WTTS sample on the clouds ( RV CTTS = −0.03 ± 1.20 km/s; RV WTTS,on = 1.29 ± 0.87 km/s), while the WTTS outside the clouds clearly have a higher mean radial velocity, RV WTTS,off = 3.17 ± 1.39 km/s. Considering the uncertainties, the X-Shooter Class III sample in Lupus is compatible with the two WTTS populations examined by Wichmann et al. (1999) if we exclude two stars with significantly higher values. The two stars that we excluded from the RV average are Sz 121 and Sz 122. Sz 122 is the star with the highest v sin i (≈ 150 km/s). Its CCF shows a double-shaped peak that could be the result of Doppler bumps produced by starspots. However, given its very high rotation velocity, we think it is more likely the fingerprint of binarity. Moreover, the RV values given by Dubath et al. (1996) for Sz 122 and Sz 121 are inconsistent with our results, pointing at variability related to a companion. More observations are needed to confirm the binary nature of these two stars.
For σ Ori, Sacco et al. (2008) studied nearly 100 stars with spectral types K6-M5 and found an RV distribution centered on +30.93 km/s with a standard deviation of 0.92 km/s. The radial velocities we derived for the X-Shooter sample in σ Ori range from +29.5 km/s to +35.0 km/s and agree excellently with the mean cluster value within their uncertainties.
Lithium absorption
The lithium absorption feature at 6708 Å is a widely used youth indicator for low-mass stars because for fully convective stars this element is rapidly depleted during the PMS evolution (Bildsten et al. 1997) . As already mentioned by MTR 13, we have detected this Li I line in all stars except for Sz 94. All other properties, for instance the position in the HR diagram, our RV measurement and the proper motion given by López Martí et al. (2011) , are compatible with Sz 94 being a Lupus member. However, the absence of lithium in such a young PMS star is difficult to explain, and we conclude that this is very likely a foreground object with Lupus-like kinematics by coincidence. In any case, for this study we discarded Sz 94 from our sample.
The lithium equivalent width (W Li ) was determined within IRAF 2 from a by-eye estimate of the local continuum. The results are given in Table 1 . The uncertainties represent the mean and standard deviations from three measurements carried out on the line, to which we have added a 10 % systematic error as explained in Sect. 2.1. The W Li of the remaining 23 Class III sources is shown in Fig. 6 as a function of effective temperature. There is no evident trend, that is the Li I λ6708 Å equivalent width does not depend on effective temperature throughout the whole M spectral class. After excluding Sz 94, all but one star in our sample have values in the range ≈ 500 − 600 mÅ. Only Sz 122 has much lower W Li . We recall that for this star we observed very broad lines; it may be a binary. The companion may affect our line measurement in a way that is impossible to quantify. Qualitatively, the combination of two spectra could give a very weak lithium absorption if the spectral types of the two components are very different and one of the two stars has weak lithium. In Fig. 6 the observed equivalent widths are also compared with curves of growth calculated by Zapatero Osorio et al. (2002) and by Palla et al. (2007) . Palla et al. (2007) provided the lithium abundance, A(Li), in steps of 0.5, and we show the curves for log g = 4.0 and 4.5. Zapatero Osorio et al. (2002) covered a wider temperature range. We show their results for log g = 4.5 in the range A(Li) between 2.5 and 3.1 as gray shaded. The log g values of both calculations are close to the gravities we measured for the Class III sample (see also Table 1 ). The best agreement between the calculations and our measurements is reached for A(Li) ≈ 3.0, indicating that these stars have retained their primordial lithium abundance. This is also suggested by the fact that no difference in W Li , and consequently in lithium abundance, is observed in objects belonging to the three SFRs despite their age difference. Finally, we found good agreement with the lithium measurements by Mentuch et al. (2008) for the 11 TWA members that we have in common with their study.
Emission lines
The observed fluxes of the major emission lines in the X-Shooter spectra of our sample have been determined by MTR 13. These measurements were obtained by direct integration of the flux above the local continuum. Analogous to the case of the lithium absorption line and as explained in Sect. 2.1, we assumed a 10 % systematic error that we added to the statistical measurement errors given by MTR 13.
Generally, accurate line measurements require taking into account the photospheric absorption component of the lines, for example by subtracting a template spectrum from the observed spectrum and calculating the emission line flux from the residual. The template spectrum can be either an observation of an inactive star of the same spectral type (see e.g. Frasca & Catalano 1994; Montes et al. 1995) or a model spectrum. For late-K and M stars, the only emission lines with a significant photospheric absorption component are the three Ca II IRT lines. For these lines we determined the chromospheric emission line fluxes by applying the spectral subtraction technique described below that Example of the spectral subtraction procedure. The synthetic inactive template (dotted red line) is overplotted on the observed continuum-normalized spectrum of TWA 9B (solid black line). The differences between observed and template spectra are plotted at the bottom of each box. The hatched areas in the difference spectra represent the excess emissions that have been integrated to obtain the net equivalent widths of the Ca II IRT lines. was previously also adopted by MTR 13. In contrast to that work, we used synthetic spectra with individual parameters (T eff , log g and v sin i) for each star instead of adopting constant gravity and negligible rotation for all objects. For these reasons, we consider our values for these lines more accurate and adopted the new estimates for the subsequent analysis. For all other emission lines we made use of the fluxes measured and published by MTR 13. To analyse the Ca II IRT we adopted the same BT-Settl synthetic spectra as inactive templates for the spectral subtraction that were used to determine the atmospheric parameters.
To check the reliability of the synthetic spectra as inactive templates, we compared them with medium-resolution spectra of three low-mass and low-activity stars, namely 61 CygA (K5 V), 61 CygB (K7 V), and HD1326A (M2 V), retrieved from the Library of Fiber Optic Echelle spectra of F, G, K, and M field dwarfs . We found that the shape and the residual flux in the cores of Ca II IRT lines is nearly the same for these low-activity stars and synthetic spectra, which justifies the use of the synthetic spectra as inactive templates.
To derive the proper surface flux at the continuum corresponding to the T eff value listed in Table 1 , we interpolated the BT-Settl spectra to this temperature. The mean continuum flux in the range 8570−8640 Å was evaluated both in the target spectrum and in the template. This enabled us to set both spectra on the same scale of continuum-normalized flux for the subtraction and convert the net equivalent width (W em i ) of each line i, measured integrating the residual spectrum, into flux at the stellar surface (F surf,i ) by simply multiplying it with the model continuum flux. As an example, we show in Fig. 7 how we applied the spectral subtraction procedure to TWA 9B.
Since the observed spectra were already flux-calibrated, we analogously derived the flux at Earth (f obs,i ) for each line, which was then converted into line luminosity (L i ) and line surface flux using the distances and radii of the objects listed in Table 1 . We thus obtained for each star two estimates for F surf,i , one based on the model spectrum flux and one based on the observed flux and the dilution factor, (R * /d) 2 . In Fig. 8 we show the good agreement between the fluxes derived in the two ways for the Ca IIλ8662 Å line. This confirms that the radii and distances we adopted are realistic. For consistency with the analysis of the other emission lines where no spectral subtraction was necessary, in the remainder of this paper we use for the Ca II IRT the fluxes and derived quantities f obs,i extracted from the observed spectrum and not from the model (surface) fluxes. These fluxes are summarized in Table 3 . In some cases we found no emission above the noise level and the respective fields are empty ("...") in Table 3 . Other cases where the equivalent width and flux is consistent with zero within its measurement errors are considered as upper limit.
Following the usual convention, we defined the activity indices as
where i denotes the emission line. The superscript ( ′ ) indicates that the photospheric contribution has been subtracted from the line flux for features with significant photospheric absorption, that is in our case for the Ca II IRT. 
Magnetic activity
Level of Hα and X-ray activity
For late-type main-sequence stars the chromospheric and coronal activity has long been known to depend on mass, effective temperature, and rotation rate (e.g. Wilson 1966; Pallavicini et al. 1981; Noyes et al. 1984) . A correlation of activity diagnostics with rotation rate could never firmly be established for PMS stars and, in fact, showed that -primarily due to their long convective turnover times -all PMS stars are in the saturated regime of X-ray activity. The literature is nearly devoid of similar studies on chromospheric Hα emission of PMS stars because the chromospheric contribution of this line is difficult to separate from the effects of accretion and non-accreting PMS samples have received less attention. In Fig. 9 the Hα and X-ray activity indices of our Class III sample are shown as a function of T eff and are compared with two samples of field M dwarfs. Shown as crosses and plus symbols is the "10-pc sample" of Stelzer et al. (2013) , which comprises all M dwarfs within 10 pc of the Sun from the proper motion survey of Lépine & Gaidos (2011) . The Hα measurements of these stars have been compiled from the literature by Stelzer et al. (2013) , while they extracted the X-ray data from public data archives. Diamonds in the left panel of Fig. 9 refer to the work of Bochanski et al. (2007) , who have defined template spectra for the M spectral class from several thousands of Sloan Digital Sky Survey (SDSS) spectra. They distinguished two subgroups of active and inactive stars on the basis of Hα emission and tabulated mean equivalent widths of Balmer lines and the L Hα /L bol ratio for the active M0...L0 dwarfs. These mean values for their 'active' sample are the ones shown in Fig. 9 .
Before comparing field dwarfs and PMS stars, we had to attribute an effective temperature to the field M dwarfs because the mapping between SpT and T eff depends on the evolutionary state of the stars. To this end, we combined the temperature scales of Bessell (1991) and Mohanty & Basri (2003) , which together span the full M spectral sequence. Fig. 9 (left panel) shows that for both our PMS sample and the field star sample from Bochanski et al. (2007) , L Hα /L bol is fairly constant at a similar level of ≈ −3.5... − 4.0 up to a temperature of ∼ 3000 K and drops rapidly towards the end of the M sequence. The plateau for earlier M stars is usually associated with saturation, albeit its origin is disputed (see e.g. Vilhu & Walter 1987; Doyle 1996; Jardine & Unruh 1999) . We found log (L Hα /L bol ) ≤M4 = −3.72 ± 0.21 for the mean Hα activity index of the Class III sources with spectral type M4 and earlier, corresponding to T eff > 3250 K. The Hα activity of the 10-pc sample shows a much wider spread for given T eff . This is because, in contrast to the sample from Bochanski et al. (2007) , the 10-pc sample comprises many Hα inactive stars displayed as downward pointing arrows in Fig. 9 . Moreover, this sample exhibits a range of rotation rates, and these influence the activity level, as can be seen by comparing the large and the small crosses that distinguish stars with v sin i ≥ 3 km/s from those with v sin i < 3 km/s. Most of the fast-rotating M dwarfs from the 10-pc sample have Hα activity similar to that of the PMS sample which consists entirely of fast rotators. Therefore, although no rotation rates are given by Bochanski et al. (2007) , it is likely that their 'active' stars are all rapidly rotating.
An analogous graph for the X-ray activity index is shown in the right panel of Fig. 9 . For our Class III sample the dependence of the L X /L bol ratio on the T eff is equivalent to that of Hα activity, that is we see a saturation plateau for early-M types that declines for cooler objects. The saturation level is higher in X-rays than in Hα. Analogous to the Hα emission, we computed the mean value for the X-ray activity indices of the Class III sources with SpT M4 and earlier and found log (L X /L bol ) ≤M4 = −2.85 ± 0.36. In the right panel of Fig. 9 the 10-pc sample is again overplotted. The large divergence of the L X /L bol level between PMS and field dwarfs seen in the early-M stars is well-known and commonly attributed to rotational evolution and the ensuing decay of activity (e.g. Preibisch & Feigelson 2005) . Analogous to the left panel of the same figure, as a proxy for the activity state we highlight stars from the 10-pc sample with v sin i > 3 km/s with larger crosses. Stars without known rotation rate are marked with a plus symbol. The subsample of fast-rotating field M dwarfs forms the upper boundary and presents L X /L bol ratios similar to those of the Class III stars.
We have examined the relation between the activity indices and v sin i and found no dependence, consistent with the observation that our Class III stars have saturated Hα and X-ray emission and in agreement with previous results in the literature of magnetic activity on PMS stars. Only the two BDs have low activity levels considering their high rotational velocities. Similarly, Reiners & Basri (2010) found in a sample of late-M stars in the field that the fastest rotators show the lowest Hα activity.
Chromospheric and coronal flux-flux relations
Several previous works have established power-law relationships between pairs of chromospheric emission line fluxes to probe the structure of the outer atmospheres of late-type stars (see e.g. Martínez-Arnáiz et al. 2011, henceforth MA11) . While most samples presented in the literature so far regard field stars, we examine here a PMS sample. Similar to previous studies, we fitted relations of the type
where F i with i = 1, 2 are the surface fluxes of two lines, and the coefficients c 1 and c 2 are the free fit parameters. The fits were performed with the least-squares bisector regression described by Isobe et al. (1990) . Only stars with detected emission in both diagnostics of the respective flux-flux relation were considered. The emission lines observed in the X-Shooter spectra comprise a wide spectral range. We used here the line fluxes for all Balmer lines up to H11, Ca II H&K, and the two helium lines (He I λ5876 Å and He I λ10830 Å) listed by MTR 13 and our results for the Ca II IRT derived as described in Sect. 3.5. These lines are produced in different layers of the outer atmosphere, from the lower chromosphere to the transition region, as explained in Sect. 1. We also extend our investigation to a comparison between chromospheric and coronal emission using our compilation of X-ray fluxes.
The results of the linear regressions of all examined flux pairs are given in Table 4 . Some of the more notable correlations are shown in Figs. 10 and 11. In these two figures the fitted lines are overplotted (dash-dotted and dotted for the uncertainties). Where available, we also show the regressions published previously for different samples of late-type stars (solid lines).
For Fig. 10 we selected correlations between some of the most widely used and most easily accessible indicators of magnetic activity (X-rays, Hα, Ca II K, He I λ5876 Å). We compared our results with the relations found in the literature. In particular, the correlation between X-ray and Hα flux has recently been studied by MA11 and by Stelzer et al. (2012a) . MA11 considered a sample of nearly 300 single dwarf stars with spectral Hα and X-ray activity index vs effective temperature for the Class III sources (shown with the same plotting symbols as in Fig. 4 ) compared with two samples of field M dwarfs: For the 10-pc sample from Stelzer et al. (2013) crosses represent stars with measured rotational velocity (small and large symbols for slow and fast rotators, respectively, with dividing line at 3 km/s) and plus symbols are stars without v sin i data. The mean active SDSS sample from Bochanski et al. (2007) is represented by diamonds; see Sect. 4.1 for details. Fig. 10 . Flux-flux relations for some of the most often used indicators of chromospheric and coronal activity in M stars (Hα, Ca II K, X-rays and He Iλ 5876 Å). Same plotting symbols as in Fig. 4 . The results of a linear regression fit to all detections and its standard deviation are shown as dash-dotted and dotted lines, respectively. For FX vs. FHα we also show the relation derived in the same way for a sample of field M dwarfs as solid line (see Stelzer et al. 2012a). types from F to mid-M, while Stelzer et al. (2012a) have reanalyzed flux-flux relations for the subsample of M stars from MA11 and combined it with late-M stars. The slope of the F X vs. F Hα relation for our Class III sample is statistically consistent with those of both these studies (see Fig. 10 middle) . Moreover, all flux-flux combinations relating the two calcium lines (not shown graphically) agree excellently with the results of MA11.
In Fig. 11 we present the correlations for which MA11 have identified two branches, a main one defined by field stars in a wide range of spectral types (FGKM) and a second one populated by a subsample of M field dwarfs. In the study of MA11 this latter group apparently shows higher Hα and X-ray flux for given Ca II K and Ca IIλ 8498 Å emission. The linear regressions computed by MA11 for the two branches are overplotted as solid black lines in Fig. 11 in the range of fluxes covered by their sample. Evidently, our Class III sample closely follows the upper 'active' branch defined by MA11, and it allows us to extend the correlations of Hα vs. Ca II K, Hα vs. Ca IIλ 8498 Å, and X-rays vs. Ca IIλ 8498 Å by 1 − 2 dex towards lower fluxes. None of the Class III objects is located on the main lower branch occupied by the majority of field stars according to MA11.
Finally, to compare the chromospheric and the coronal radiative output we summed all optical emission lines studied in this paper, that is the Balmer series up to H11, the He I lines at 5876 Å and at 10830 Å, the three lines of the Ca II IRT, and the Ca II K line. We multiplied the flux of the Ca II K line by a factor of two to approximate the Ca II H emission that was omitted from the observed line list because of its blend with Hǫ. The contribution of Hǫ was approximated as the mean of the observed fluxes of Hδ and H8. The summed chromospheric flux in optical emission lines (F opt ) was considered an upper limit if at least one of the examined lines was not detected. The ratios between F X and F opt are shown in Fig. 12 . Stars in which both B. Stelzer et al.: Photospheric and chromospheric properties of Class III objects Fig. 11 . Flux-flux relations for which MA11 identified two distinct populations in a sample of field stars (shown as solid lines). Our sample of Class III stars is shown with the same plotting symbols as in Fig. 4 and is located on the upper relation. It extends this 'active branch' to lower fluxes. Linear regressions and standard deviation for the Class III detections are shown as dash-dotted and dotted lines as in Fig. 10 . Table 4 . Linear fit coefficients for flux-flux relationships of type log F1 = c1 + c2 · log F2. 'N * ' is the number of stars detected in both lines.
the X-ray emission and the chromospheric optical emission is an upper limit are not included in Fig. 12 because their corona-tochromosphere flux ratio is completely unconstrained. In most stars the emission from the corona dominates that from the visible chromosphere. The difference is typically a factor 2 to 5, and there is a possible hint for systematically higher F X /F opt in TWA members than in those of the younger objects from Lupus and σ Ori.
The full chromospheric radiation budget comprises emission in the near-ultraviolet (NUV) and far-ultraviolet (FUV). Very few records of ultraviolet emission from Class III sources are found in the literature. The Hubble Space Telescope (HST) study of Yang et al. (2012) and the Galaxy Evolution Explorer (GALEX) study of Stelzer et al. (2013) have a few stars in common with our X-Shooter sample. We list the UV fluxes measured at Earth for these stars in Table 2 together with the sum of the fluxes emitted in the optical emission lines (f opt ). The HST fluxes refer to the 1250 − 1700 Å band, and typically about half of them are emitted in the five strongest emission lines (see Table 4 in Yang et al. 2012) . The GALEX FUV and NUV bands comprise 1344 − 1786 Å and 1771 − 2831 Å, respectively. The photospheric contribution to the broad-band FUV and NUV fluxes was subtracted by modeling the individual SEDs (see Stelzer et al. 2013) . No information on the distribution of the flux on continuum and emission lines is available for the GALEX observations. While a detailed comparison of optical and UV chromospheric emissions is impeded by the small sample size, it seems that the optical contribution dominates. 
Line decrements
Our sample allows us to quantify the relative amount of emission in different parts of the chromosphere for PMS stars throughout the whole M spectral class by means of the observed line flux ratios. Of particular interest are the Balmer decrements (e.g. f Hα /f Hβ ) and the ratio of the Ca II K and Hα flux. We preferred to examine the decrements as a function of T eff instead of SpT because the temperature is a physical parameter, while the SpT is merely an observational proxy of it.
In Fig. 13 we compare flux ratios of the aforementioned emission lines with results for other stars and for the Sun that we retrieved from the literature. In the left panel the observed f Hα /f Hβ ratios are shown together with the decrements for the active field M star templates defined by Bochanski et al. (2007) , for the M9 field dwarf DENIS-P J104814.7-395606 (henceforth DENIS 1048-3956) derived by Stelzer et al. (2012a) on the basis of an X-Shooter spectrum, for the active dM3.5e star AD Leo (see Mauas & Falchi 1994) , and for the PMS early-M dwarf AU Mic from Houdebine & Doyle (1994) . This last one is particularly relevant because it is a member of the β Pic group with an age of ∼ 12 Myr (Zuckerman et al. 2001; Kalas et al. 2004) , similar to the age of the TWA. The typical Hα/Hβ flux ratios of solar prominences and of the solar chromosphere from Tandberg-Hanssen (1967) are also indicated. For both the Class III objects and the field dwarfs, an increase of the Hα/Hβ decrement towards lower T eff , that is late-M types, is evident. However, due to the decrease of line fluxes the uncertainties at the end of the M sequence are substantial.
In the right panel of Fig. 13 we show the f Ca II K /f Hα ratio of the Class III sample together with the values observed for DENIS1048-3956 and AD Leo, and the results for the SDSS sample from Bochanski et al. (2007) . For this latter one we propagated the errors given by Bochanski et al. (2007) , who provided both lines with respect to Hβ. The resulting uncertainties are so large that the line ratios are consistent with zero. The measurements for our Class III sample are more meaningful. The observed Ca II K/Hα ratio of AD Leo is consistent with that of the Class III stars of the same T eff . We see a clear trend in our data for decreasing Ca II K versus Hα flux ratio towards lower T eff . The difference between the line flux ratio of early-M and late-M stars is much larger for Ca II K/Hα (about a factor six from T eff ∼ 3000 K to T eff ∼ 4000 K) than for Hα/Hβ (about a factor two in the same temperature range).
A few features in the behavior of these flux ratios require more detailed investigation. First, the two stars, TWA-6 and TWA-14, stand out from the trend in Fig. 13 . They violate the smooth behavior of the flux ratios with spectral type in both panels. For these two objects the Hα line is stronger than expected from their Hβ and Ca II K emission considering the trend of the other stars of similar effective temperature pointing at differences in the structure of their outer atmospheres. Secondly, it is not clear if the trends described above are continuous throughout the lowest effective temperatures ( < ∼ 3000 K). Especially the Ca II K/Hα ratio is sampled by only two PMS BDs, TWA-26 and TWA-29, and by one field ultracool dwarf, DENIS1048-3956 given that the error bars on the SDSS data are prohibitively large.
In Fig. 14 we present the Balmer decrements up to n = 11. For clarity, members of the three different SFRs have been given a small horizontal offset with respect to each other. Only stars with detections in the two lines that define the decrement are plotted, and their mean value is shown as a large cross for each energy level n. We chose here to refer the decrements to Hγ because this allows us to compare our observations with results from the literature. The small circles connected with a solid line represent the decrements derived by Houdebine & Doyle (1994) from NLTE radiative transfer modeling of the chromosphere of AU Mic. The observed values for this star are shown as larger filled black circles. An effective temperature of 3500 K and log g = 4.75 were assumed by Houdebine & Doyle (1994) for the photosphere underlying the chromospheric modeling of AU Mic. Therefore, this model can be expected to approximate the chromospheres of our Class III sample, and in particular the TWA members among them. The model of Houdebine & Doyle (1994) somewhat overpredicts their Balmer decrements, but the general agreement is good. A tendency of larger decrements for hotter stars can be seen in Fig. 14 . We have highlighted two representatives of the hot and cool end of our sample, SO 879 (K7) and Par-Lup3-2 (M5). A detailed study of the temperature and gravity dependence of the Balmer decrements is deferred to a later point when a grid of NLTE models is available.
Summary and conclusions
We have determined the photospheric parameters T eff and log g, rotation velocities, and radial velocities for 24 Class III objects from the TWA, σ Ori, and Lupus III star-forming regions using the ROTFIT routine to compare X-Shooter spectra with synthetic BT-Settl spectra in carefully selected wavelength ranges. The values we found agree excellently with previous measurements given in the literature where available. For four targets in Lupus, all five in σ Ori, and the two coolest of the TWA object(s) we presented the gravity, rotation, and kinematic parameters for the first time. For the remaining two targets in Lupus, Sz 121 and Sz 122, we found a very fast rotation consistent with previous measurements. These two stars are suspected to be spectroscopic binaries.
There are discrepancies between the gravities derived by us from the X-Shooter spectra and those predicted by the evolutionary models of Baraffe et al. (1998) and Chabrier et al. (2000) . Our findings confirm previous results. In particular, the coolest M-type objects, in our case the two BDs TWA 26 and TWA 29, have a lower gravity than the mid-to early-M stars, a trend that is not present in the models. Mohanty et al. (2004) have discussed problems with the initial conditions, effects of accretion, and the treatment of convection in the evolutionary models as possible causes for this mismatch. The region around T eff ∼ 2500 K is characterized by the onset of dust formation, and it seems that problems with the dust treatment within the models are responsible for the discrepant gravities across the M spectral sequence in TWA. No evolutionary models are available so far for the latest synthetic atmosphere grid, BT-Settl.
The equivalent widths of the Li Iλ6708 Å line are similar to previous estimates by Mentuch et al. (2008) for the TWA members. No previous reports of lithium exist for the σ Ori and Lupus objects from this sample. The comparison with the curves of growth from the literature (Palla et al. 2007; Zapatero Osorio et al. 2002 ) yielded a rough estimate for the lithium abundances. We inferred approximate A(Li) ≈ 2.5−3.5. Our lithium measurements are thus qualitatively consistent with the young age of the stars.
We measured the activity indices, defined as ratio between the luminosity in the activity diagnostic and the bolometric luminosity, and compared them with those of M dwarfs in the field. For the Class III sources of early-M spectral type the mean activity indices of Hα (log (L Hα /L bol ) = −3.72 ± 0.21) and X-rays (log (L X /L bol ) = −2.85 ± 0.36) differ by almost one order of magnitude. Both the absolute values for the mean X-ray and Hα activity indices and the differences between them are similar to those of the active ones among the early-M type field stars presented in the literature (see e.g. Stelzer et al. 2013) . 'Active' field dwarfs are generally those that rotate faster, which is likely due to relatively young age. Individual ages are generally not available for field dwarfs, but in any case the younger ones among them are on the order of a few 100 Myr old. Therefore, our finding indicates that in M stars the decline of magnetic activity sets in only after the stars have reached the main-sequence. Similar results have been obtained by Preibisch & Feigelson (2005) in a comparative study of X-ray luminosity functions from the Orion Nebula Cluster (∼ 1 Myr), the Pleiades (∼ 100 Myr), and the Hyades (∼ 600 Myr) cluster, where the authors noted that the decay of activity with age is slower for M stars than for G-and Ktype stars. Both the Hα and the X-ray activity index drop sharply for late-M spectral types. Our sample is too small to determine the subtype at which the decline sets in. A similar decrease of Hα and X-ray emission is observed in samples of field stars (e.g. West et al. 2004) . It has been ascribed to the increasingly neutral atmospheres of the coolest M dwarfs that impede efficient coupling between matter and magnetic field (Mohanty et al. 2002) .
No correlation with rotational velocity is seen in the Class III sample, indicating that the activity of these stars is in the saturated regime, consistent with previous studies of X-ray emission in PMS stars ). The situation is less clear for the two BDs, TWA 26 and TWA 29. Their rotational velocities and stellar radii indicate an upper limit to their rotation period of ∼ 8 h. This value is within the range of 4.1 to 88 h for photometrically observed periods of young BDs in the 5 Myr old ǫ Ori cluster (Scholz & Eislöffel 2005) . In spite of their evidently fast rotation TWA 26 and TWA 29 have activity levels (in terms of the activity indices) that are at least one order of magnitude lower than those of early-M Class III objects. While the decline of Hα activity index at the cool end of the stellar sequence is well-established for evolved field dwarfs (see e.g. West et al. 2004; Bochanski et al. 2007 ), the PMS Hα index has to the best of our knowledge not been systematically explored down to the substellar limit. On the X-ray side, even the most sensitive available star-forming region surveys such as the Chandra Orion Ultradeep field (cf. Getman et al. 2005 ) are barely deep enough for the detection of BD coronae. An X-ray study of the 3 Myr-old cluster IC 348 has yielded a slope steeper than unity for the relation between L x and L bol , corresponding to a decrease of the activity index with decreasing luminosity, that is for cooler objects (Stelzer et al. 2012b ). However, the significance of this result is drastically reduced when only Class III sources are considered, suggesting that accretion and not the chromosphere is at the origin of this trend. To summarize, the low activity indices seen in the two Class III BDs of the TWA need to be bolstered with systematic studies of larger samples of young substellar chromospheres. If confirmed, this may indicate that in the substellar regime the dynamo efficiency decouples from the rotation rate, or that some other process such as disruption of the corona by centrifugal forces (Jardine 2004 ) suppresses the emission.
We estimated the relative contribution of the chromosphere and the corona to the radiative output produced by magnetic activity by comparing the observed fluxes. For the chromosphere the fluxes of all emission lines in the X-Shooter spectrum were summed, while for the corona we used the soft X-ray flux. In our sample the X-ray fluxes tend to be higher than the optical radiation measured by the emission lines. Observations extracted from the literature suggest that the UV emission is negligible for the chromospheric radiation budget of these stars, but this has to be corroborated once larger samples of Class III sources have sensitive constraints on their UV fluxes. The spread for the flux ratio F X /F opt is at least one order of magnitude in our Class III sample and a trend for an age dependence of the coronal-to-chromospheric flux ratio is suggested, but requires a larger sample size to be firmly established. Note that the X-ray and optical observations are not simultaneous. The influence of variability, therefore, remains unknown.
Flux-flux relations between individual chromospheric emission lines and those between chromospheric diagnostics and Xray emission were presented. The results for the Class III stars confirm the existence of the upper 'active' branch identified by MA 11 on the basis of a few objects in a large sample of field FGKM stars that deviated from the flux-flux relations of the bulk of objects. As far as we can say considering our sample of 24 Class III sources, all young stars populate this 'active' branch. The 'active' stars are characterized by a higher ratio between Hα and Ca II emission (both Ca II K and the IRT) than that of the less active ones. Similarly, their X-ray emission is enhanced with respect to Ca II emission. Neither MA11 nor our study found differences in the F Hα vs. F X relation for stars from the two branches. Since all these diagnostics are formed in different atmospheric layers, our finding indicates a change in the response of the atmosphere to the drivers of magnetic activity as the activity decreases. This is presumably a consequence of rotational evolution and the ensuing decay of dynamo efficiency. Flux-flux relations for samples known to rotate slowly are needed for a comparison with the very active Class III stars. In particular, it seems that there is a clear distinction between low-activity stars and those with strong Hα and X-ray emission. Given the relation between activity and age, the relative amount of emission in the various diagnostics may, therefore, in the future be applied as a qualitative youth indicator.
Within the spectral class M, the flux ratio between Ca II K and Hα emission shows a significant decrease towards lower T eff , while the Hα/Hβ decrements are slightly increasing but are less sensitive to the effective temperature. This may again be a signature of the different layers where these lines form. Two stars deviating from these trends, TWA 6 and TWA 14, are the fastest rotators in our sample. At the same Hβ and Ca II K levels of other stars with similar effective temperature they present higher Hα flux. We conclude that Hα is more sensitive to rotation than other emission lines. This is probably the reason for the existence of the two branches in the flux-flux relations discussed above. No chromospheric model grids are available for the parameter space covered by our Class III sample to be compared with our observations. A dedicated Hα and Ca II study was presented by Houdebine & Stempels (1997) for much less active dM1 stars but no theoretical line fluxes were provided.
The series of Balmer decrements from Hδ to H11 referred to Hγ for our Class III sample are roughly reproduced with the NLTE radiative transfer model devised for the young M dwarf AU Mic by Houdebine & Doyle (1994) . The trend is towards smaller decrements for later-M spectral types, analogously to the result for the inverse of Hα/Hβ. Our findings represent a guideline for future chromospheric modeling efforts. Such models should be able to predict the behavior of line flux ratios throughout the whole M spectral class. Moreover, they should explain the emissions of stars with different activity levels.
